
The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, 

searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information.  Send comments 

regarding this burden estimate or any other aspect of this collection of information, including suggesstions for reducing this burden, to Washington 

Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington VA, 22202-4302.  

Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any oenalty for failing to comply with a collection of 

information if it does not display a currently valid OMB control number.

PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

a. REPORT

Metalorganic Vapor Phase Epitaxial Growth Of (211)B CdTe On 

Nanopatterned (211)Si

14.  ABSTRACT

16.  SECURITY CLASSIFICATION OF:

Low-defect density epitaxial CdTe on Si is very crucial for fabricating high performance HgCdTe IR focal planar 

arrays on Si. This paper discusses a novel nanopatterning

technique to explore defect reduction in CdTe epitaxy on (211)Si. Nanopatterning of full 3" (211)Si wafers was 

done by growing a thin layer of thermal SiO2 and patterning

by molecular transfer lithography (MxL) based on water-soluble templates. Conditions for obtaining selective Ge 

1. REPORT DATE (DD-MM-YYYY)

4.  TITLE AND SUBTITLE

13.  SUPPLEMENTARY NOTES

The views, opinions and/or findings contained in this report are those of the author(s) and should not contrued as an official Department 

of the Army position, policy or decision, unless so designated by other documentation.

12. DISTRIBUTION AVAILIBILITY STATEMENT

Approved for public release; distribution is unlimited.

UU

9.  SPONSORING/MONITORING AGENCY NAME(S) AND 

ADDRESS(ES)

6. AUTHORS

7.  PERFORMING ORGANIZATION NAMES AND ADDRESSES

U.S. Army Research Office 

 P.O. Box 12211 

 Research Triangle Park, NC 27709-2211

15.  SUBJECT TERMS

CdTe Epitaxy, Molecular Transfer Lithography, Dislocation Reduction

Shashidhar Shintri*,1, , Sunil Rao2, , Charles Schaper3, , Witold 

Palosz4, , Sudhir Trivedi4, , Fred Semendy5, , Priyalal 

Wijewarnasuriya5, , Ishwara Bhat2., 1 Department of Engineering 

Brimrose Corporation of America

19 Loveton Circle

Hunt Valley Loveton Center

Sparks, MD 21152 -9201

REPORT DOCUMENTATION PAGE

b. ABSTRACT

UU

c. THIS PAGE

UU

2. REPORT TYPE

New Reprint

17.  LIMITATION OF 

ABSTRACT

UU

15.  NUMBER 

OF PAGES

5d.  PROJECT NUMBER

5e.  TASK NUMBER

5f.  WORK UNIT NUMBER

5c.  PROGRAM ELEMENT NUMBER

5b.  GRANT NUMBER

5a.  CONTRACT NUMBER

W911NF-08-C-0071

665502

Form Approved OMB NO. 0704-0188

54934-EL-ST2.2

11.  SPONSOR/MONITOR'S REPORT 

NUMBER(S)

10.  SPONSOR/MONITOR'S ACRONYM(S)

    ARO

8.  PERFORMING ORGANIZATION REPORT 

NUMBER

19a.  NAME OF RESPONSIBLE PERSON

19b.  TELEPHONE NUMBER

Sudhir Trivedi

410-472-7070

3. DATES COVERED (From - To)

Standard Form 298 (Rev 8/98) 

Prescribed by ANSI  Std. Z39.18

-



Metalorganic Vapor Phase Epitaxial Growth Of (211)B CdTe On Nanopatterned (211)Si

Report Title

ABSTRACT

Low-defect density epitaxial CdTe on Si is very crucial for fabricating high performance HgCdTe IR focal planar 

arrays on Si. This paper discusses a novel nanopatterning

technique to explore defect reduction in CdTe epitaxy on (211)Si. Nanopatterning of full 3" (211)Si wafers was done 

by growing a thin layer of thermal SiO2 and patterning

by molecular transfer lithography (MxL) based on water-soluble templates. Conditions for obtaining selective Ge and 

CdTe were obtained in the temperature range of 575-675 °C and 505-520 °C respectively. X-ray analysis of thin 

CdTe films grown on these substrates gave wider full-width half-maximum (FWHM) values when compared to the 

layers grown on blanket (non-patterned) (211)Si, which is attributed to some patterning defects and spurious 

nucleation on oxide side walls.



REPORT DOCUMENTATION PAGE (SF298)

(Continuation Sheet)

Continuation for Block 13

ARO Report Number 

Metalorganic Vapor Phase Epitaxial Growth Of (

Block 13:  Supplementary Note

© 2012 . Published in Phys. Status Solidi C, Vol. Ed. 0 (2012), (Ed. ).  DoD Components reserve a royalty-free, nonexclusive 

and irrevocable right to reproduce, publish, or otherwise use the work for Federal purposes, and to authroize others to do so 

(DODGARS §32.36).  The views, opinions and/or findings contained in this report are those of the author(s) and should not be 

construed as an official Department of the Army position, policy or decision, unless so designated by other documentation.

Approved for public release; distribution is unlimited.

...

54934.2-EL-ST2



 

 © 2012 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim 

p s s
current topics in solid state physics

c

s
ta

tu
s

s
o

li
d

i

www.pss-c.comp
h

y
s
ic

a

Early View publication on wileyonlinelibrary.com 
(issue and page numbers not yet assigned;  
citable using Digital Object Identifier – DOI) 

Phys. Status Solidi C, 1–4 (2012) / DOI 10.1002/pssc.201100653 

Metalorganic vapor phase epitaxial  
growth of (211)B CdTe on  
nanopatterned (211)Si 
Shashidhar Shintri*,1, Sunil Rao2, Charles Schaper3, Witold Palosz4, Sudhir Trivedi4, Fred Semendy5, 
Priyalal Wijewarnasuriya5, and Ishwara Bhat2 
1 Department of Engineering Science, Rensselaer Polytechnic Institute, 12180 Troy, USA 
2 Department of Electrical, Computer & Systems Engineering, Rensselaer Polytechnic Institute, 12180 Troy, USA 
3 Transfer Devices Inc., 95054 Santa Clara, USA 
4 Brimrose Corporation of America, 21152 Sparks, USA 
5 U.S. Army Research Laboratory, 20783 Adelphi, USA 

Received 27 September 2011, accepted 1 February 2012 
Published online 15 May 2012 

Keywords CdTe epitaxy, molecular transfer lithography, dislocation reduction
                               
* Corresponding author: e-mail shints@rpi.edu 
 
 

Low-defect density epitaxial CdTe on Si is very crucial 
for fabricating high performance HgCdTe IR focal planar 
arrays on Si. This paper discusses a novel nanopatterning 
technique to explore defect reduction in CdTe epitaxy on 
(211)Si. Nanopatterning of full 3" (211)Si wafers was 
done by growing a thin layer of thermal SiO2 and pattern-
ing by molecular transfer lithography (MxL) based on 
water-soluble templates. Conditions for obtaining selec-

tive Ge and CdTe were obtained in the temperature range 
of 575-675 °C and 505-520 °C respectively. X-ray analy-
sis of thin CdTe films grown on these substrates gave 
wider full-width half-maximum (FWHM) values when 
compared to the layers grown on blanket (non-patterned) 
(211)Si, which is attributed to some patterning defects 
and spurious nucleation on oxide side walls. 

 

© 2012 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim  

1 Introduction Epitaxial growth of low defect den-
sity CdTe on Si is very critical in obtaining high crystal 
quality HgCdTe device layers for fabricating efficient IR 
focal planar arrays, which is the main motivation for the 
present work [1, 2]. However, low defect CdTe is also im-
portant in other applications such as solar cells and x-ray 
detectors [3, 4]. Growth of CdTe on Si has advantages 
such as availability of high quality large area wafers and 
low manufacturing costs. The use of Si also minimizes 
thermal mismatch issues with the signal readout Si chip. 
But the inherent challenge associated with HgCdTe/CdTe 
epitaxy on Si is the ~19% lattice mismatch which makes 
unavoidable, the generation of various defects, of which 
threading dislocations (TDs) propagating into the device 
layers have been observed to act as electron-hole pair re-
combination centres degrading the device performance [5]. 
With the progress achieved so far in CdTe epitaxy on Si, 
high quality CdTe can be obtained by molecular beam epi-
taxy (MBE) and metalorganic vapour phase epitaxy 

(MOVPE) with TD densities in the low-105 cm-2 range [6, 
7]. TD density needs to be reduced by another order of 
magnitude for HgCdTe/Si based IR devices to operate effi-
ciently in the long wavelength IR region. 

Different approaches have been used to reduce TD 
density in CdTe/Si. One of the widely adopted techniques 
is the growth of thick CdTe buffer layers with in-situ ther-
mal cyclic annealing which has been reported to give good 
results in terms of defect annihilation [8, 9]. Another ap-
proach consists of using patterned Si substrates where suit-
able growth windows are defined in SiO2 masks [10-12]. 
Patterned windows help in reducing the defect levels in the 
epitaxial films primarily by reducing the length that some 
dislocations can glide to reach the edges of the growth 
windows where they get annihilated. Nanopatterning offers 
promise since the size of the windows is on the order of 
few nanometres depending on the patterning technique 
employed. Nanoheteroepitaxy (NHE) is a fundamentally 
novel approach where the patterned openings are < 20 nm 
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which gives rise to additional stress relief mechanisms [13]. 
But implementing NHE on a commercial scale is still chal-
lenging at the moment. In our present work, we have dem-
onstrated a proof of principle of using nanopatterned 
(211)Si for MOVPE growth of selective epitaxial Ge and 
(211)B CdTe buffer layer structures. 

2 Experimental procedures (211)B CdTe is the 
preferred orientation since it is the present industry stan-
dard in the US and it has been reported that epitaxial CdTe 
on (211)Si is immune to twin and hillock formation [14]. 
Nanopatterning of 3" SiO2/(211)Si wafers was carried out 
at Transfer Devices Inc., using molecular transfer lithogra-
phy (MxL) with water soluble templates to produce circu-
lar holes of ~380 nm and a pitch of ~540 nm. The details 
of this novel patterning technique have been described 
elsewhere [15, 16]. MxL technique is advantageous since it 
offers full wafer patterning and opportunities for further 
reduction in patterned dimensions uniformly on large area 
wafers. First, 60 nm thick thermal dry SiO2 was grown on 
3" diameter (211)Si wafers. Photoresist (PR) was applied 
and nanopatterned. The transfer of patterns from PR to the 
underlying SiO2 was done at RPI by dry etching using 
CHF3:O2 mixture. Etching was intentionally stopped when 
the oxide thickness in the holes was in the range of 2-5 nm, 
which was removed by dipping in 1:30 HF:H2O solution 
just before the reaction. Growth of Ge and CdTe was con-
ducted in a low-pressure vertical cold-wall MOVPE reac-
tor equipped with a rotating heater/substrate holder. Ger-
mane (1% in H2) was the precursor for Ge and dimethyl 
cadmium (DMCd)/diisopropyl telluride (DiPTe) were the 
precursors for CdTe growth. 

 
3 Results and discussion Figure 1 shows a scan-

ning electron microscope (SEM) image of the nanopattern 
after SiO2 dry etching and PR removal. A thin (2-5 nm) 
SiO2 was intentionally left in the holes after dry etching to 
prevent any damage to the Si interface. A quick dip (40 s) 
of the wafers in dilute HF was done prior to starting the 
growth to remove any remaining oxide inside the holes. 
Before initiating Ge growth, As passivation of Si surface 
was carried out by flowing tertiarybutyl arsine (TBAs) dur-
ing the reactor stabilization step which has been previously 
reported to help in preventing spurious nucleation of cross 
contaminants on Si and also help in getting higher quality 
Ge and CdTe epilayers on blanket (211)Si [17]. The most 
important part of this work was getting selective growth 
conditions for Ge and CdTe. A thin Ge layer was needed 
as it helped in lattice mismatch grading and also in improv-
ing the quality of subsequent CdTe layer. At the end of Ge 
growth, TBAs was introduced during cool down to CdTe 
growth temperatures to get the ‘B’ polarity of (211)CdTe. 

Figures 2(a) and (b) show selective Ge on As pas-
sivated nanopatterned (211)Si at 575 °C and 675 °C re-
spectively with pressure maintained at 150 Torr and total 
H2 flow rate of 2.5 l/m. X-ray diffraction (XRD) confirmed 

fully relaxed Ge nanostructures. However it was observed 
that the top surface morphology of Ge inside the holes was 
rough compared to Ge growth of comparable thickness on 
blanket (211)Si. We attribute the surface roughness to 
some spurious nucleation occurring on the oxide sidewalls 
that may generate twinning and/or stacking faults. This 
may be the result of inefficient substrate cleaning prior to 
growth. Ways to overcome this problem is being worked 
upon presently. Figures 3(a) and (b) show growth of selec-
tive CdTe at 505 °C and 520 °C respectively over thin se-
lective Ge (~20 nm). It was observed that higher tempera-
tures and lower pressures were required for CdTe growth 
on nanopatterns compared to growing directly on blanket 
(211)Si. For example, when CdTe growth was made at 
350 °C which is typically the temperature for growing high 
crystal quality CdTe on blanket Si, the growth on nanopat-
terned Si was non selective as shown in Fig. 4. In this re-
gard, MOVPE technique is advantageous since it offers 
possibility for higher temperature CdTe growth.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
An effort was also made to grow thin uniformly 

merged ~0.6 µm (211)B CdTe film on nanopatterned 
(211)Si by using the selective Ge and CdTe conditions and 
allowing CdTe to completely merge. A schematic of the 
growth scheme is shown in Fig. 5. In this approach, Ge 
was grown inside the holes to the point when growths from 
adjacent holes were close to merging. (211)B CdTe was 
then grown on top of these Ge nanostructures, with ‘B’ po-
larity being achieved by passivating the Ge surface with As 
during cool down to CdTe growth temperature. XRD 
analysis confirmed fully relaxed single crystal nature of 
CdTe but the FWHM of (422)CdTe rocking curve was 
higher for the nanopatterned growth (2900 arc-s) compared 
to growth done on blanket (211)Si (472 arcs). One of the 
main reasons for degradation in crystal quality is the gen-
eration of additional defects when growth from adjacent 
patterned holes merge to form a thin layer. This is pres-
ently being investigated in more detail using transmission 
electron microscopy (TEM). Techniques like annealing the  
 
 

Figure 1 SEM image of nanopatterned (211)Si after SiO2 
dry etching and PR removal. 
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films in the initial stages of growth could help in defect re-
duction and is presently being studied.  

 
4 Conclusions A new approach to defect reduction 

in CdTe epitaxy on (211)Si has been explored using MxL. 
Conditions for obtaining selective Ge and CdTe epitaxy  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
were first established. The presence of roughness indicates 
the occurrence of some spurious nucleation. An effort was 
made to grow thin CdTe films on the nanopatterned sub-
strates. Initial results indicate additional defect generation 
when the islands from the patterns merged to form a thin 
layer. 

(a) (b) 

Figure 3 Selective CdTe on nanopatterned (211)Si with a thin intermediate selective Ge layer: (a) growth at 505 °C and (b) 
growth at 520 °C. 

Figure 2 Selective Ge on nanopatterned (211)Si with As passivation of Si surface: (a) growth at 575 °C and (b) growth at 
675 °C. Higher temperatures led to rougher surface morphology. 

(a) (b) 

(211)B CdTe 

(211)Si 

SiO2 
Ge 

Figure 5 Schematic of growth scheme on nanopatterned 
(211)Si to get ~600 nm of (211)B CdTe. Figure 4 Non-selective CdTe on nanopatterned (211)Si at 

350 °C growth temperature.  
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